Abstract. One of the main objectives when designing a building must be perform an enclosure that properly insulate from the outside temperature. This façade must protect in the best possible way the inside of the building. In this work, different façade solutions are analyzed using different materials and constructive arrangements. However, most energy loss occurs in the singular points, e.g. the façade-slab connections or open holes in the enclosures. Therefore, the thermal performance of enclosures with different solutions is evaluated. This research provides an overview of the design of façades and singular points that helps to make responsible decisions in the building envelope design in various geographic locations.
Introduction
Several European countries established thermal protection requirements in the second half of the twentieth century. These requirements were conducive to heat transfer reduction through the building envelope [1] . Therefore, these singular points of buildings are very interesting to study because heat loss is significant.
The façade-slab connection is both one of the difficult and interesting point of the building thermal envelope. A large number of cases have been analyzed in this work. We consider, inter alia, the position of the thermal insulation, which can be placed outside the enclosure, in an intermediate position or inside.
In addition, we introduce the possibility to include a cantilever. It is a balcony, an architectural element of buildings that it has been widely used in many geographical areas. This cantilevers not generate structural problems, even in regions with very cold climates. The equilibrium of external loads is produced by the reinforcement that cross the thermal insulation. Other aspects of the balcony can affect thermal comfort. The parapet and flooring affect the construction and they determine natural ventilation, shade or natural lighting among others [2] .
In this study, in addition, we differentiate two materials in the inside of the enclosure. It is very common to use a ceramic material, but also a concrete wall. All thermal calculations have been carried out with both materials. In this work the tables and the conclusions of this study collect the data on all cases. However, we have shown the most relevant figures of ceramics and concrete cases.
Some cases studied here consider that the thermal insulation is positioned outside the enclosure. If, in addition, the case has a cantilever is then necessary to use a prefabricated piece, a patent. This piece allows the connection between the cantilever and the slab, and remains stable while thermal insulation is increased. For a detailed calculation of this aspect, you can see [3] . The thickness of the insulation is variable and depends on several factors including type of insulation, type of building, weather conditions, maintenance costs... [4] . State of the art of insulation materials can be confronted in [5] .
We have considered that the insulation is continuous in our research, whether it is located outside or inside of the enclosure. Therefore, the thermal bridge effect through mortar joints [6] (only cases with ceramic sheet) is not considered here because the continuity of heat flow is interrupted in any case.
This paper studies the influence of the energy loss through window and door openings. Many cases have openings, but we have also developed some cases without gaps to compare them.
There are many experimental studies on this topic, even taking temperature measurements of the facades and analyzing the associated pathology on building materials [7] . Fig. 1 shows two selected examples from all calculated cases. The constructive detail is drawn and it is superimposed with the output heat flow. The cases studied cover an entire floor (2.90 m). Fig. 1 shows the façade-slab connection, and a glass door at the top and a window at the bottom. Therefore, our study focuses on specific areas of the enclosure. We conducted this study with extreme weather conditions, 263 °K outside (-10 °C) and 293 ºK (+ 20° C) inside. The internal surface thermal resistance, Rsi, is 0,13 and the external one is 0,04 m 2 K/W. 
Method
This research is intended to encompass a wide range of cases of façades and singular points, with the aim of analyzing the thermal behavior and provide useful guidelines for the architect who have to design the building. We must remember that this study is proposed to the countries of Central Europe, where the existence of thermal bridges is very decisive. In fact, the discussed case is in which the difference indoor-outdoor temperature is 30 ºK (293 ºK inside and 263 ºK outside).
The work has focused on the thermo-clay block façades and the reinforced concrete façades. The analyzed singular points are those that appear in all buildings, the glazing and facade-slab connections, also considering the case of cantilever.
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Energy Saving and Environmentally Friendly Technologies -Concepts of Sustainable Building In addition, we analyzed the influence of the position of the thermal insulation and glazing. The thermal insulation used has 12 cm of thick, and is placed in the inner and the outer position; even continuously on the outside, through the cantilever if it exists. The glazing has been studied in the three possible positions, inside, outside, and in an intermediate position relative to the thickness of the façade. The case of double window, widely used in these geographic locations, and the absence of window also appear in the study.
With all these variables, the research has a set of 60 studied cases, of which 30 have thermo-clay block façade and 30 have reinforced concrete façade. Next we explain the nomenclature of the analyzed cases. In Fig. 2 the constructive sections of some cases are shown, some with concrete façade and some with thermo-clay block façade. For reasons of length of the paper, the 60 details are not presented, since the only thing that changes is the façade material.
The constructive section consists of a reinforced concrete slab of 20 cm and a thermo-clay block or reinforced concrete façade of 19 cm thickness. A continuous covering, which is a monolayer mortar of 2 cm thick, appears outside. A continuous plaster covering of 2 cm thickness is applied inside. Inside the building, an oak wood floor of 1 cm has been used on a 3 cm layer of self-leveling mortar, placing between them a sheet of polyethylene.
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In the first 15 cases there is a cantilever (BA_balcony), and it does not appear in the others (NB_no balcony). In the first five cases, the thermal insulation is on the outside, and is not interrupted by the cantilever (CI_continuous insulation). From the case 6 to 10, the thermal insulation is inside, interrupted by the slab (II_inwards insulation). Moreover, in the cases from 11 to 15 the thermal insulation is on the outside, but is interrupted by the slab (OI_outwards insulation). The cases from 16 to 30 repeat the sequence, but without the existence of cantilever.
Finally, within each block of five cases, the different possibilities of glazing position are analyzed: DW_double window, NW_no window, IW_inwards window, OW_outwards window, and MW_middle window.
The combination of all these variables involves 60 cases, 30 with reinforced concrete and 30 with thermo-clay façade. Fig. 2 and Table 2 show the analyzed cases.
Different cases have been simulated with software Ansys, a multiphysics finite element analysis software. The element types Plane55 and Link33 have been used, which are intended for thermal analysis. Table 1 summarizes the properties of the different used materials. The properties of the air within the chamber of the glazing are validated considering that the heat transfer of a glazing with an air chamber (4+12+4) is 2.9 W/m 2 ºK. The carpentry is made of pine wood and is received on a marble stone. 
Results
The position of the thermal insulation is decisive as regards the temperature distributions through the façade. In Fig. 3 , one can see that in the area occupied by the thermal insulation is where greater temperature gradient exists. This aspect is logical, because of the low thermal conductivity of this material. Therefore, if the thermal insulation is outside, the enclosure is closer to the interior temperature (293 ºK), and if it is inside, the enclosure is closer to the exterior temperature (263 ºK).
Another aspect that is evident in this study is that the continuity of insulation is a very efficient action in terms of energy savings. Where the slab passes through the thermal insulation, it involves a thermal bridge. This can be seen in the cases from 1 to 5, with respect to the others, for the cases where there is a cantilever, and in the cases from 16 to 20 when there is no cantilever.
In addition, the influence of the position of the glazing can be also seen, as the temperature gradient in the enclosure starts at the point occupied by the woodwork.
The temperature gradient is dispersed in the usual cases where double window appears, making the transition smoother.
We must remember that in Fig. 2, 3 and 4 the same cases are shown, which consists on some cases of termo-clay block enclosure and some cases of reinforced concrete enclosure. The research covers the 30 cases with reinforced concrete and with thermo-clay block, but due to extension issue, some cases are presented. Table 2 shows the numerical results of all cases. In cases where there is a cantilever, but the thermal insulation passes through it continuously, it can be seen that the reinforcing steel has a high conductivity and losses are concentrated at this point.
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Another aspect that stands out in Fig. 4 is the thermal bridge created with the marble stone placed under the glazing. This issue makes more difficult to see the comments that appear in the previous paragraph, because the loss is greater than that occurred through reinforcement. It is necessary to interrupt the continuity of this stone and the mortar with which it is received, by placing a heat insulating material under the carpentry.
The existence of openings involves a great heat loss. This aspect can be seen by comparing the magnitude of the vectors that appear in the windows, and traversing the opaque wall. But the openings are necessary for the habitability of buildings, so we cannot avoid them. We need studies like this to determine the best way to minimize heat loss. The results obtained in this research are summarized in Table 2 . This table shows the designation of all cases, and the numerical results of flow through the enclosure. We have studied various flow values: the maximum value, which corresponds to the vector of greater magnitude in Fig. 4 ; the total value on the height corresponding to a room; and the value corresponding to the opaque parts of the façade, i.e. the flow that is lost where there is no glazing. This value is the most interesting because it allows to compare the energy efficiency of different constructive solutions. The part of the enclosure openings will be covered with a glazing with certain thermal properties. In the hypothetical event of use for all cases studied the same window, the difference will be marked by the flow through the opaque area.
A fragment of the building with a height corresponding to a room (2.90 m) has been modeled, so that the values represented in the tables show the amount of heat lost per linear meter of façade [W/m].
In the last column of each material, flow through the opaque surface is expressed in a percentage regarding the maximum case (BA_II_OW). Most of the conclusions of this study are extracted from these values. 

Discussion and Conclusions
From the analysis of the different cases presented in this paper, the following conclusions can be extracted.
The thermal insulation interruption at the singular points (glazing, façade-slab connection...) means thermal bridges, where most of the heat loss goes outside. In fact, the greater energy loss occurs through the windows. This is illustrated in the flow values of the cases where the insulation is continuous (CI), which are the lowers. We must avoid as far as possible these thermal bridges.
The cases without openings are those with lower outflow values. For cases with glazing, the lower values correspond to cases with double window; although in cases where the slab interrupts the insulation there are some window positions with little outgoing flow difference between the case of the double window and a single window (e.g. cases 6 and 8, with a values of 73.77 and 76.20 %).
When we have a strong, exterior and continuous thermal insulation, through the balcony, the more energy-efficient option of a single window is to place the window outwards, as we minimize the thermal bridge. Otherwise, when the insulation is interrupted by the slab, being positioned inside or outside, the most efficient option is to place the window inwards (e.g. case 8).
For cases of a single window, its position is more decisive on the reinforced concrete façades than on the thermo-clay block façades. For example, in cases 3, 4 and 5, the outgoing flow through the opaque surface varies 5 % (65.56 -70.82 %) when the façade is made of thermo-clay block, and varies 20 % when it is of reinforced concrete (52.62 -72.87 %). This is largely due to the higher thermal conductivity of the concrete regarding thermo-clay.
In cases of a single window at a given position (inwards, outwards or middle) with thermal insulation interrupted by the slab, the isolation position is not decisive (e.g. cases 23 and 28, 24 and 29…).
In the event of having a constructive detail where the thermal insulation and glazing are aligned, with a single window, the case that better works is with the continuous insulation and window on the outside (cases 4 and 19) . Between the two options with the thermal insulation interrupted by the slab, it performs better than both the window and the insulation are inwards (e.g. cases 8 and 23 against cases 14 and 29, 76.20 % and 75.59 % against 94.66 % and 90.50 %, with thermo-clay block).
In cases with a single window, where the thermal insulation and glazing are not aligned, there is greater heat loss due to thermal bridge area. The worst case is when the insulation is on the inside and the glazing is on the outside, cases with higher flow (cases 9 and 24, for cases with balcony and without balcony respectively).
In places with such different temperatures inside and outside it seems very important to ensure the thermal bridge break on the openings threshold, the lintel thermal insulation, especially in the case where the carpentry is on the outside, and ensure a light lintel ventilation to prevent condensation.
